Aims. Every 5.5 years η Car's light curve and spectrum change remarkably across all observed wavelength bands. These so-called spectroscopic events are likely caused by the close approach of a companion. We compare the recent spectroscopic event in mid-2014 to the events in 2003 and 2009 and investigate long-term trends. Methods. Eta Car was observed with HST STIS, VLT UVES, and CTIO 1.5m CHIRON for a period of more than two years in 2012-2015. Archival observations with these instruments cover three orbital cycles and the events of 2003.5, 2009.1, and 2014.6. The STIS spectra provide high spatial resolution and include epochs during the 2014 event when observations from most ground-based observatories were not feasible. The strategy for UVES observations allows for a multi-dimensional analysis, because each location in the reflection nebula is correlated with different stellar latitude. Results. Important spectroscopic diagnostics during η Car's events show significant changes in 2014 compared to previous events. While the timing of the first He II λ4686 flash was remarkably similar to previous events, the He II equivalent widths were slightly larger and the line flux increased by a factor of ∼7 compared to 2003. The second He II peak occurred at about the same phase as in 2009, but was stronger. The He I line flux grew by a factor of ∼8 in 2009-2014 compared to 1998-2003. N II emission lines also increased in strength. On the other hand, Hα and Fe II lines show the smallest emission strengths ever observed in η Car. The optical continuum brightened by a factor of ∼4 in the last 10-15 years. The polar spectrum shows less changes in the broad wind emission lines; the Fe II emission strength decreased by a factor of ∼2 (compared to a factor of ∼4 in our direct line of sight). The He II equivalent widths at FOS4 were larger in 2009 and 2014 than during the 2003 event.
Introduction
Giant eruptions of massive stars cause transient events that can be confounded with supernovae; this fact is one of the most important unsolved problems in stellar astrophysics. Eta Car underwent such an eruption from 1837 to 1858 and is the only supernova impostor (van Dyk 2005) where the recovery from such an event can be studied in detail (see reviews and references in 089.D-0024(A), 592.D-0047(A,B,C). Based in part on data obtained with the SMARTS/CTIO 1.5m, operated by the SMARTS Consortium. . In the past several years η Car's recovery process with respect to its pre-eruption brightness and the dispersal of circumstellar material has reached an epoch of rapid change. About 15 years ago the secular brightening trend accelerated (Davidson et al. 1999a , Martin & Koppelman 2004 , Martin et al. 2006b . Today the central star appears 6-7 times brighter in the near-ultraviolet (UV) than it did in 2000 (Mehner et al. 2012 ). This requires a fundamental change in η Car's outflow density and/or UV output if the innermost dust is being destroyed or the dust-formation rate has slowed (the most likely explanations based on available data, see Mehner et al. 2010b) .
The star's brightening is accompanied by changes in the stellar wind spectrum. Optical spectra in 2009-2012 revealed a factor of 2-3 decrease in the stellar-wind emission equivalent widths since 1999 (Mehner et al. 2010b; 2012) , suggesting a decline of η Car's mass-loss rate. The X-ray light curve is consistent with a decreasing mass-loss rate (Kashi & Soker 2009 , Corcoran et al. 2010 , Mehner et al. 2010b 2012) . These photometric and spectroscopic observations demonstrate that the recovery could still be ongoing. As the star returns to equilibrium, the wind structure, mass-loss rate, and spectrum evolve. This process is a unique probe of the post-eruption internal and stellar wind structure and may provide clues to the instability mechanism. On the other hand, η Car is close to its Eddington limit and thus its intrinsic stability is precarious. The amount of change in η Car's stellar wind parameters is highly uncertain, because major changes of the spectral appearance in our line of sight may be triggered by smaller changes in η Car's stellar parameters (Martin et al. 2006b , Madura et al. 2013 . Eta Car's spectra and photometry show a 5.5 year cycle associated with the orbit of a companion star (Damineli et al. 1997 , Davidson 1997 . The nature of the companion star is not well determined, but it is thought to be a 30-60 M ⊙ main sequence star (e.g., Mehner et al. 2010a) . Each event shows a very rapid periastron passage of about 100 days. This implies an orbital eccentricity above 0.8 and likely 0.85-0.90. During periastron the separation between the two stars is only 2-3 au and this close approach of the companion star is thought to incite the so-called spectroscopic events. For example, the high-excitation emission lines that originate from nearby ejecta, and are probably excited by the companion, disappear for a few months. Strong He II λ4686 emission appears and disappears at critical times of the X-ray light curve and may be related to a shock break-up (Davidson 2002 , Soker 2003 , Soker & Behar 2006 , Martin et al. 2006a , Mehner et al. 2011b ). The line profiles and line strengths of hydrogen and helium also show an intricate (and not well understood) behavior. Many of these phenomena occur on time scales of several months. Differences between the events provide valuable clues to their physics and the stellar system. We reported the differences between the 2003 and 2009 events and their implications in Mehner et al. (2011b) . Periastron passages may be triggering the long-term changes observed in η Car's light curves and spectra over the last two decades (Mehner et al. 2014) .
The bipolar "Homunculus" nebula around η Car provides us with the unique opportunity to investigate this stellar system from different directions using the reflection nebula as a giant extra-terrestrial mirror (Humphreys 1999 , Davidson et al. 2001b . Smith et al. (2003) showed that η Car's wind is stronger towards the poles based on distinctive line profiles at different stellar latitudes and that the latitude-dependence of spectral features changes during events. Van Boekel et al. (2003) and Weigelt et al. (2007) resolved η Car's wind directly with interferometric observations. They found an optically thick wind with a diameter on the order of 4.3 mas (≈9 au) in K-band and elongated along the direction of the Homunculus nebula. Recent work suggested that η Car's wind may be more spherical than previously assumed and that the observed changes in the latitude-dependence close to periastron, but also the observed latitude-dependence at apastron, may be caused by a companion instead (Richardson et al. 2010 , Groh et al. 2012b , Mehner et al. 2012 .
Our direct view of η Car is near stellar latitude 45
• (Davidson et al. 2001b , Smith 2006 . A particular location in the southeast Homunculus lobe, however, provides a reflected view from almost a polar-axis direction. That location is traditionally called "FOS4" and was observed and discussed by Stahl et al. (2005) and Mehner et al. (2011b) . It is valuable for three different reasons. (1) The spectrum of the stellar wind may depend on latitude as noted above. (2) In most credible models, the orbit plane is approximately perpendicular to the polar axis. Therefore major Doppler velocity variations seen at FOS4 should not represent orbital motions. (3) Emitting material may be eclipsed by the primary wind during a spectroscopic event. Near the polar axis, such eclipses very likely do not occur, or in any case must differ from our direct view. (One can of course imagine models with arbitrarily tilted orbits; but only a contrived choice of parameters would cause the orbital motion to affect timing, spectra, and velocities similarly at both FOS4 and our direct view.) Since the FOS4 reflecting region is located about 20 000 au from the star, it is practically equivalent to a "view from infinity." With each orbit, the companion offers the unique opportunity to probe the structure of the primary's wind and circumstellar material and to assemble its evolutionary path. We analyzed the most prominent spectral features at different stellar latitudes during the 2014 event and evaluated several competing hypotheses regarding phenomena occurring during the spectroscopic events. We also investigated the observed long-term trends by studying the time scales and amplitudes on which spectral changes evolve during the 2014 event compared to previous cycles. In Section 2 we describe the observations, followed by the results in Section 3, a discussion in Section 4, and the conclusions in Section 5.
Observations and Data Analysis
We report on new Hubble Space Telescope Space Telescope Imaging Spectrograph (HST STIS; Kimble et al. 1998 ) spectra obtained during the 2014 event (Table 1) . Some of our recent STIS observations were scheduled during the most critical epochs in 2014 Aug and Sep when observations from major ground-based facilities were not feasible. In Davidson et al. (2014b) we have discussed a subset of these observations covering the small wavelength range around He II λ4686 Å. The STIS observations are very valuable, because they provide a homogenous data set since 1998, they include observations in the near-UV, and because of their spatial resolution, which separates the central star from the nearby ejecta. All ground-based spectra include narrow emission lines formed 0.
′′ 2 to 1 ′′ away from the star, and the amount varies because it depends on seeing, pointing, and instrument characteristics.
The STIS/CCD observations were conducted with the 52 ′′ ×0. ′′ 1 slit with different slit position angles in combination with the G230MB, G430M, and G750M gratings, which cover the wavelengths 2340-8080 Å with spectral resolving power of R ∼ 5000 to 10 000. We used reduction methods that include several improvements over the normal STScI pipeline and standard CALSTIS reductions (Davidson 2006) . 1 We extracted spectra of 0.
′′ 1, which at η Car's distance of d ≈ 2.3 kpc (Allen & Hillier 1993 , Davidson & Humphreys 1997 , Meaburn 1999 , Davidson et al. 2001b , Smith 2006 correspond to a projected size of about 230 au. This is much larger than the binary orbit, but small enough to exclude the Weigelt knots and similar ejecta (Weigelt & Ebersberger 1986 , Hamann 2012 .
We monitored η Car regularly with the Very Large Telescope Ultraviolet and Visual Echelle Spectrograph (VLT UVES; Dekker et al. 2000) since November 2013 (Table 1 ). In addition, we used archival data, the majority being from the η Car campaign with UVES (P.I. K. Weis). During that campaign η Car was regularly observed between 2002 and 2009, see Weis et al. (2005a) , Stahl et al. (2005) , and Weis et al. (2005b) for more details on the data and results. The UVES spectra since 2000 provide a homogeneous data set of high spectral resolution, covering three orbital cycles. UVES is a high-resolution optical spectrograph, operating from 300-1100 nm. We used the DIC1 mode with central wavelengths 346+580 and the DIC2 mode with central wavelengths 437+860. Slit widths of 0.
′′ 4 in the blue arm and 0.
′′ 3 in the red arm provide spectral resolutions of 80 000 and 110 000, respectively. The atmospheric seeing varied from 0.
′′ 5-2. ′′ 2 with a median seeing of 1. ′′ 0. Observations were conducted with a slit position angle of 160
• at two locations in the nebula. The first slit position is centered on the star and the second position is offset 2.
′′ 6 south and 2. ′′ 8 east of the star and is covering a location called FOS4 in the south-east (SE) nebula. These observations are an extraordinary opportunity to investigate η Car from different directions as the star entered and exited the event in mid-2014. UVES data from the 2003 event viewed from different directions were presented in Stahl et al. (2005) .
The UVES data were reduced using the ESO UVES pipeline (version 5.3.0 and 5.4.3 2 ). We extracted spectra at different positions in the nebula. The known geometry of the bipolar nebula allows us to correlate each position in the SE lobe with stellar latitude, assuming that the polar axis of η Car is aligned with the Homunculus axis.
As noted in Section 1, our line of sight has a stellar latitude around 45
• , while reflected spectra in the SE Homunculus lobe show higher latitudes. We focus on location FOS4 near the center of the lobe, which reflects nearly a pole-on view (Smith et al. 2003 , Davidson et al. 1995 , Zethson et al. 1999 ). The FOS4 position is 3.7 ′′ south and 2.5-3.5 ′′ east of the star. The spectrum at FOS4 is much less contaminated by nebular emission lines from the Weigelt knots than the stellar spectrum in our direct line of sight. The reasons for this fact may be related to subarcsec structure in the circumstellar extinction (Davidson et al. 1995) . Unlike direct observations of the star, FOS4 does not require high spatial resolution or precise pointing. The form of the spectrum there varies only slightly across a 1 ′′ region. The expansion of the nebula causes a velocity shift in the reflected spectra. The value depends on the location in the Homunculus lobe, see figure 4 in Davidson et al. (2001b) . Spectra in the nebula also show a time travel delay, because of the difference in paths between direct line of sight and the longer path from the reflection in the nebula (Meaburn et al. 1987 , Stahl et al. 2005 . The exact time delay depends on the location in the nebula. We define FOS4 as the location where ∆v = +100 km s −1 , which implies ∆t ∼ 20 days (Stahl et al. 2005 , Mehner et al. 2011b ). 1 The reduced data from 2014 will become publicly available at http://etacar.umn.edu/ in mid-2015. 2 The older UVES data were reduced with previous pipeline versions.
We obtained high resolution spectra with the CHIRON spectrograph (Tokovinin et al. 2013 ) on the CTIO 1.5m telescope with a high time sampling close to the 2014 event. The Chiron spectrograph is a stable fiber-fed echelle designed to obtain precise radial velocities of bright objects. The fiber has a 2.
′′ 7 diameter on the sky. We used the image slicer mode, which affords a spectral resolution of R ∼ 79 000. We obtained both long (300 s, overexposing the strongest emission lines such as Hα) and short (30 s) observations of η Car.
The Chiron images were processed at Yale prior to delivery. Echelle orders between 4600 and 8800 Å were extracted and flat-fielded and a wavelength solution was provided. We calibrated the blaze function by fitting the spectrum of the spectrophotometric standard star µ Col. The flux-calibrated orders were interpolated onto a linear wavelength scale and merged. Overlapping orders were weighted by the signal-to-noise in the extracted orders. For bright targets like η Car the discontinuities where the orders are spliced amount to a few percent of the continuum level.
These three spectral data sets span a range of effective aperture sizes. The STIS spectra have an aperture of 0.
′′ 1, the UVES data set has varying apertures due to atmospheric seeing with a median of 1 ′′ , and the CHIRON spectra have an aperture of 2. ′′ 7 (large enough to not be much affected by the atmospheric seeing). The observed line emission can depend on the aperture size and thus the measurements need to be interpreted with some caution. Since outlying ejecta have structure at scales of 0.2-1.0 ′′ in observations centered on the star, we did not attempt to adjust STIS, UVES, and CHIRON measurements to the same effective aperture. The HST measurements have mutually consistent parameters, and likewise for CHIRON. The UVES measurements need to be evaluated with some care because the effective aperture is slightly different each epoch. . We denote time within a spectroscopic event by t, such that t = 0 at MJD 54860.0, MJD 52837.0, etc. Periastron most likely occurs within the range t ≈ −15 to +15 days. This is the same timing system used by Mehner et al. (2011b; 2014) . Quoted wavelengths are air values and Doppler velocities are heliocentric. Velocities are not corrected for the systemic velocity of roughly −8 km s −1 (Smith 2004 ; see also ).
Results
The generally accepted view is that η Car's spectroscopic events are caused by the close approach of a companion in an eccentric orbit. Convincing evidence comes from a combination of phenomena: 1. The primary star cannot produce enough ionizing photons to explain the high-excitation lines in the spectrum (Hillier et al. 2001 , Groh et al. 2012a ). 2. The first He II emission peak occurred simultaneous with the X-ray decline (Martin et al. 2006a ). 3. The concept of shock breakup to explain the observed 2-10 keV X-ray behavior (Davidson 2002 , Soker 2003 , Soker & Behar 2006 , Martin et al. 2006a , Parkin et al. 2009 ).
During periastron the companion dives into η Car's intrinsically variable wind, disturbing its wind and ionization structure. This offers new insights every 5.5 years. We present key spectral features and their evolution throughout the 2014 event and comparison to previous cycles. Spectral lines of η Car's stellar wind regions can be classified into physically distinct categories. These categories have different combinations of radial velocity behavior, excitation processes, and dependences on the secondary star:
-The low-excitation emission, such as H I and Fe II from the primary wind (Hillier et al. 2001 , Groh et al. 2012a ). -The higher-excitation He I features. Most authors agree that these are related in some way to the secondary star, but the details are controversial (Humphreys et al. 2008) . Part of the He I emission and absorption may arise in the primary wind (Hillier et al. 2001 , Groh et al. 2012a ). -N II multiplets 2-5 in both absorption and emission. They arise in the primary wind, but depend mainly on UV radiation from the secondary star (Mehner et al. 2011a ). -The He II emission, which requires soft X-rays from the colliding-wind region (Steiner & Damineli 2004 , Martin et al. 2006a , Mehner et al. 2011b , Teodoro et al. 2012 ).
Hydrogen Balmer and Fe II lines
The equivalent width of Hα in our line of sight has decreased progressively over the last two decades. Despite this, the minimum values during the events of 2003 and 2009 were similar. In 2014, however, the equivalent width reached its lowest value ever observed in this star ( Figure 1 , upper panel). While Hα decreased in equivalent width, the apparent line flux was a factor of ∼2 larger in the period 2009-2014 compared to 1998-2003 . This is because the apparent continuum has brightened, partly because of decreasing circumstellar extinction. Since the extinction factor is poorly known, equivalent width is a better-defined measure of the line's intrinsic behavior. 3 This statement applies to other spectral features as well.
It is important to note that Hα and some of the Fe II lines originate in a much larger region than anything else discussed here. Their emission zones extend beyond r ∼ 30 au (Hillier et al. 2001 ), compared to the binary separation r 3 au at periastron. In most models one can visualize the lowexcitation emission region as a very diffuse prolate spheroid, with a conspicuous equatorial "cavity" on one side due to the secondary star's fast wind. Note also that Hα is remarkably insensitive to gas density and temperature, unlike Fe II and most other emission lines.
At FOS4, the Hα equivalent width has been mostly constant over the last decades (outside the events). The decline during the 2014 event matched the observations in 2003 and 2009. In the past, the difference in equivalent widths in direct view of the star and at FOS4 was puzzling and was interpreted as higher dust extinction in our line of sight (Hillier & Allen 1992) . Now, the equivalent width at FOS4 is larger than in our line of sight. Very likely this effect is related to latitudinal viewing anglei.e., FOS4 reflects the stellar wind spectrum as seen from a nearpolar direction. This makes it special in a bipolar wind model (Smith et al. 2003) , a wind-cavity model induced by the secondary star (Groh et al. 2012b) , or any synthesis of these concepts. For most of η Car's cycle there is no Hα P Cyg profile in the spectrum of the star in our line of sight, while the spectra at FOS4 show P Cyg absorption ( Figure 2 ). This was seen as evidence for a latitude-dependent primary wind (Smith et al. 2003) . Groh et al. (2012b) suggested that the observed latitudinal dependence of Hα line profiles are dominated by the companion star and the associated wind cavity. Figure 2 shows how the Hα profile changes around the events in 2003, 2009, and 2014 . In our line of sight, P Cyg absorption develops at a phase of ∼0.900 and is present until a phase of ∼1.100. The P Cyg absorption profile was more structured in 2009 and 2014 than in 2003. The P Cyg absorption velocity at FOS4, roughly −450 km s −1 relative to the emission peak, is interesting because it is not much different from our direct view of the star. In simple polar-wind scenarios, one normally expects outflow velocities to depend strongly on latitude (Smith et al. 2003 , Owocki et al. 1996 . Absorption extends to −1000 km s −1 at FOS4, but a deep minimum occurred near −500 km s −1 before 2014. In 2014 it had largely vanished, being replaced by a more complex and shallower structure.
At FOS4, Hα P Cyg absorption is present throughout the cycle, but has been weakening relative to the continuum each cycle. During the events, the absorption component strengthens, The spectra at FOS4 are corrected for the velocity shift of ∆v = 100 km s −1 , see Section 2. The key indicates the corresponding phases of the displayed spectra, see last paragraph in Section 2. Red spectra indicate when notable changes in the P Cyg absorption occurred. The blue tracings show the mid-cycle spectra when the companion star is at apastron and its influence on η Car's wind structure is minimal. The spike atop the Hα profile comes from older low-velocity ejecta and not from the present-day stellar wind. but the line profile changes are much less pronounced than in our direct line of sight ( Figure 2 ; see also Weis et al. 2005b) .
A narrow absorption feature near −144 km s −1 in the Halpha profile regularly appears close to periastron passages and was first noted during the 1981.5 event (Melnick et al. 1982) . It disappears in the year(s) afterwards (Ruiz et al. 1984 , Damineli et al. 1998 , Davidson et al. 1999b , Martin et al. 2010 , Richardson et al. 2010 . It reappeared in our data between 2014 July 22 and 29. This absorption feature may indicate unusual nebular physics far outside the wind (Johansson et al. 2005) . Richardson et al. (2010) proposed that this anomalous absorption originates in the nearby wall of the Little Homunculus and that a change in ionizing radiation by the secondary star is the cause for its sudden appearance shortly before periastron passages.
The Fe II emission lines show decreasing equivalent widths both in direct view and at FOS4 over the last cycles (see Mehner et al. 2012 and Figures 3, 4, and 6) . The broad Fe II emission at 4570-4600 Å has weakened since 2003 by a factor of ≈ 4 in our direct line of sight and by a factor of ≈ 2 at FOS4. The emission almost disappeared during the 2014 event. Even though the 15-year Fe II decline is relatively weaker at FOS4, it would be sufficient to indicate a trend in the stellar wind properties even if we had no direct-view spectra.
He I lines
The He I lines depend on photoionization by the companion star by photons with energies > 24.6 eV. He I emission and absorption exhibit similar velocity behavior as the He II emission (Nielsen et al. 2007 , Mehner et al. 2011b ). The velocity variations observed at FOS4 suggest that the helium lines are not simply related to orbital motion of the secondary star, if we assume that the orbit inclination is i ∼ 40-45
• like the Homunculus mid-plane. The observed velocity changes may represent flows of highly ionized material, modulated by the secondary star. The details are model-dependent: e.g., Nielsen et al. (2007) , Damineli et al. (2008) , Humphreys et al. (2008) , Kashi & Soker (2007; , Martin et al. (2006a) , Davidson et al. (2001a) .
The He I emission lines dramatically increased in strength over the last 3 cycles (Figures 3 and 5 ). This fact is especially remarkable because η Car's spectroscopic events were originally defined by a weakening of high-excitation emission (Zanella et al. 1984 ). The He I P Cyg absorption strength relative to the continuum has been increasing since 1998 (Figure 6 ). In addition, an orbital modulation of the absorption strength is observed. The strongest absorption occurs several months before and after the events, while it disappears completely during the events. The absorption became strongest (relative to the continuum) in our observations at phase 2.835. As expected from previous events, the absorption then weakened closer to the 2014 event and had disappeared at phase 3.001. The He I absorption reappeared in our data at phase 3.009 and has been increasing again in strength since. Based on the orbital modulation observed for the previous cycle, we expect the absorption to increase until a phase of ∼3.100, before decreasing again. To some extent, the cyclic He I absorption behavior can be qualitatively understood in terms of the expected ionization-zone shapes. See Figure 5 in Mehner et al. (2012) , and the related discussion there.
N II emission
In Mehner et al. (2011a) we reported on the N II multiplet at λλ5667-5711 Å. The N II lines exhibit radial velocity variations similar to the helium lines (Mehner et al. 2011a ; see also Figure  3 ). The N II lines and their velocity shifts are also seen in the reflected polar spectrum at FOS4. The lines likely depend on a form of excitation by the hot secondary star, but in different regions than the He I lines. In contrast to He I, the N II lines depend on photoexcitation at energies of ∼18.5 eV. The N II features should arise primarily in regions of the primary wind that are close to the secondary star, and, therefore, close to the He + zones and the apex of the wind-wind collision zone. During the 2014 event, the broad emission and absorption lines of the N II multiplet at λλ4601-4643 Å became very strong and dominated the spectrum around λ4600 Å in STIS data at phase 2.993 ( Figure 3 ). This was facilitated by the extreme weakening of the Fe II λλ4584,4629 lines. Like the bright He I lines, this development is almost opposite to the spectroscopic events seen decades ago. On those occasions, the EUV radiation temporarily declined or even disappeared (Zanella et al. 1984) . The two N II multiplets mentioned here require strong EUV radiation.
He II λ4686 emission
The He II λ4686 emission line appears only briefly at certain stages during the events (Steiner & Damineli 2004 , Martin et al. 2006a , Mehner et al. 2011b , Teodoro et al. 2012 . This feature provides important diagnostics to the nature of η Car's periastron passages, because of its possible connection to a break-up of the wind-wind shock. The λ4686 emission appears and increases in strength, when the 2-10 keV X-rays decline (Martin et al. 2006a ; Figure 8 ). When the X-ray emission enters the minimum, the He II emission disappears. A second, weaker occurrence of He II emission is observed shortly afterwards, maybe related to the reappearance of the X-rays (Mehner et al. 2011b ).
The He II λ4686 line is by far the highest ionization feature in η Car's UV to infrared (IR) wind spectrum. The transition is probably populated via photoionization and subsequent He ++ → He + recombination. It requires a temporary source of He + -ionizing photons (with energies > 54 eV). The most plausible energy source are soft (54-500 eV) X-rays, produced in the shocked gas of the primary wind. The He II λ4686 emis- sion likely originates in η Car's wind close to the wind-wind collision (WWC) and/or in the cold, dense post-shock η Car wind (Martin et al. 2006a , Abraham & Falceta-Gonçalves 2007 , Mehner et al. 2011b , Teodoro et al. 2012 . The supply of soft Xrays can temporarily rise to very high levels if the fast secondarywind shock becomes unstable like the primary-wind side. In that case the entire wind-wind interface can disintegrate and collapse, and a chaotic ensemble of sub-shocks and oblique shocks may exist for a few days or weeks. This phenomenon may explain the brevity of the He II λ4686 flash, its spherical symmetry (i.e., the He II emission shows similar evolution in line strength and velocity when viewed from different directions), and its anti-correlation with the disappearance of 2-10 keV X-rays (Mehner et al. 2011b , Teodoro et al. 2012 . The relevant physics were summarized in Mehner et al. (2011b) ; see also Pittard & Corcoran (2002 ), Soker (2003 .
Alternative explanations in which the He II λ4686 arises in the regular wind of the companion can be found in Steiner & Damineli (2004) and Soker & Behar (2006) . Recently, Madura et al. (2013) presented results from SPH simulations, in which a complete WWC collapse is not required for the extra generation of soft X-rays at periastron passages. They proposed that the He II emission is an effect of geometry. Soft X-rays from the WWC region can ionize the He + zone of η Car's wind at 0.7- 3 au when the WWC apex penetrates into it for orbital phases between 0.986 and 1.014. In this phase range the post-shock companion wind is in the radiative-cooling regime and is producing additional He + ionizing photons. However, they stated that the sharp drop in He II equivalent width at phase ≈1.0 may be due to a physical collapse of the WWC zone. They further suggested that the second, smaller emission peak could be due to a combination of instability in the WWC zone and increased optical depth in our line of sight caused by η Car's wind. In fact, in order to explain the observed He II behavior at FOS4, this scenario very likely requires a collapse of the WWC. Detailed 3D modeling is required to determine if this is the case.
The greatest source of uncertainty in measuring the He II emission strength is the determination of the underlying continuum level, see figure 3 in Martin et al. (2006a) , figure 2 in Mehner et al. (2011b) , figure 2 in Teodoro et al. (2012) , and Davidson et al. (2014b) . We followed Martin et al. (2006a) and estimated the line strength by interpolating the continuum between 4601-4611Å and 4739-4742 Å. (The continuum ranges were slightly altered with respect to Martin et al. to take into account the strengthening of N II lines near λ4600 Å.) We then integrated the emission between 4673.5Å and 4693.5 Å (−790 to +490 km s −1 ). The resulting equivalent width is similar to EW2 in Davidson et al. (2014b) . Figure 7 shows the development of the equivalent width and peak velocity for He II λ4686 during the 2014 events compared to previous cycles in 1998, 2003, and 2009 , both for our direct line of sight and in the reflected spectra at FOS4. The values are listed in Tables 2 and 3 . Note that measurements of the equivalent widths in CHIRON data are higher than for STIS and UVES data. This arises, because the effective aperture of the CHIRON spectra is almost 3
′′ and the spectra include faint emission lines originating from the ejecta around the central source (Mehner 2011) . Davidson et al. (2014b) reported on the He II λ4686 emission observed with STIS during the 2014 event. They concluded that η Car's successive events differ in a progressive way. The He II minimum may have been a quasi-eclipse by gas near the primary star, and the "second λ4686 flash" may have been stronger in 2014 because intervening densities were lower than in 2009. In the discussion below, we include ground-based observations with UVES and CHIRON, which provide a higher time sampling for some parts of the event. UVES data also provide information of He II from different stellar latitudes.
The He II maxima
If the He II emission is caused by a sensitive instability, then it is normal to expect large variations in equivalent widths and radial velocities between the observed periastron passages. Instead, the first occurrence of the λ4686 emission appears to reproduce the 2009 event better than for example the Hα emission (with respect to the equivalent widths, see Section 3.1). The second λ4686 emission flare, however, was notably stronger than for previous events. Like during previous events, the time of significant brightness of the He II emission extended over ∼3 months. The line profile varied with significant changes on short timescales. It often resembled a single Gaussian, but on occasions it separated into two or more components, indicating a highly structured velocity-and time-variable WWC (Walter 2014) . Only two days later a much smaller speed around −100 km s −1 is observed. The overall velocity range exceeds the maximum projected orbital velocity variation of any proposed 5.5 year orbit. Thus the velocities correspond likely to line-of-sight wind velocities and post-shock velocities, which can span a range of more than 400 km s −1 at various locations near periastron.
The evolution of the He II λ4686 emission and velocity is very similar when viewed from different directions, i.e., in direct view of the star and reflected at FOS4, when the time delay is taken into account. Values for the equivalent widths and radial velocities are slightly smaller at FOS4 (Figure 7 ). At FOS4, the equivalent width followed closely the values of 2009, but was somewhat larger than in 2003. The same may be true for the values in our direct line of sight, but the sampling and the quality of the GMOS data are not good enough for a firm statement.
We confirm the time delay of 18 days at FOS4 for the He II emission (Mehner et al. 2011b ). This supports the expected ∆t ≈ 20 days. The geometry of the reflection process of η Car's stellar wind by the Homunculus nebula thus appears adequate. Given the consistent time delay at FOS4, a good explanation is that the observed Doppler variations represent "global" changes in outward wind and post-shock velocities that are not given a strong directionality by the secondary star as some authors have proposed (Soker & Behar 2006 , Nielsen et al. 2007 . A shock breakup model may conceivably act in a quasi-spherical way, with chaotic random velocity components during the critical time (Mehner et al. 2011b ). The predominance of negative Doppler velocities may indicate that the far side of the configuration is obscured by continuum Thomson scattering in the primary wind.
Perhaps the simplest conjecture is that He II emission occurred in an outflow triggered by tidal forces, appearing more or less similar when viewed from most directions. Such an outflow can produce large varying Doppler blueshifts unrelated to the orbital velocity. (Redshifted material is not seen because it represents the obscured far side of the outflow.) In this view, the emission may have occurred continuously during the interval when there were no hard X-rays, briefly disappearing when surrounding column densities were temporarily large enough to hide it. This scenario is incomplete and obviously questionable, but it constitutes a useful initial hypothesis.
In Mehner et al. (2011b) we argued that, unlike the first He II emission peak, the timing of the second He II peak (at t ≈ 20 d in 2009 and 2014) may have differed in 2009 compared to previous events (compare the timings indicated with "2." and "2.
* " in Figure 7 ). We found that the 2003 event did not include a second He II episode matching the one in 2009, but that in 2003 there was either no second episode or it was delayed. Contrary to Mehner et al. (2011b) and to Steiner & Damineli (2004) , Teodoro et al. (2012) stated that the second He II emission peak occurred always at the same phase during all previous periastron passages. This discrepancy and its implications resulted in a great interest in the timing of the second He II peak in 2014.
STIS observations on 2014 August 15 and CHIRON observations on 2014 August 13-18 suggested that the He II λ4686 emission reappeared stronger, but likely at the same phase compared to 2009 (Figure 7) . In 2014 August 31, a tremendously bright He II λ4686 emission was observed in STIS spectra. The line's equivalent width was about twice as strong as the second peak in 2009 (Davidson et al. 2014a) . It is unlikely that we missed a second He II emission peak of similar strength in 2009 based on incomplete time coverage. Various observers covered the 2009 event quite well (Mehner et al. 2011b , Teodoro et al. 2012 . The He II strength rose and fell continuously, and there were no gaps long enough for a major spike. All three STIS data points during the second He II emission peak in 2014 lie well above the interpolated Gemini and UVES measurements obtained in 2009 (Figure 7) . We discuss the significance of this second He II episode in Section 3.4.2 below. * " for the assumed timing of the second peak in previous events based on the X-ray light curve and constraints from our spectra.
The connection to the 2-10 keV X-rays
Davidson (2002) remarked that shock instabilities, rather than an eclipse scenario, can best explain the rapid disappearance of η Car's 2-10 keV X-rays during periastron passages. Soker (2003) noted quantitative details and Soker & Behar (2006) suggested an instability involving accretion onto the companion and the shutdown of its wind. Other researchers adopted these ideas (Damineli et al. 2008 , Parkin et al. 2009 , Mehner et al. 2011b , Teodoro et al. 2012 . Hamaguchi et al. (2014a) suggested that the X-ray minimum observed during the 2003 event is the result of an eclipse of the WWC plasma during a deep minimum followed by a collapse of the WWC activity seen during a shallow minimum. In 2009, the shallow minimum was not clearly seen and Hamaguchi et al. (2014b) showed that the 15-25 keV X-ray emission observed during the 2009 event can be reproduced by WWC activity seen through the thick primary wind.
In this framework, two different causes but with similar large-scale consequences, have been proposed to explain the long X-ray minimum observed in previous events; shock instability and radiative inhibition. 1) A shock structure becomes unstable if radiative cooling exceeds expansion cooling due to thin shell instabilities (Stevens et al. 1992) . The slow primary's wind shock of η Car is very unstable in this regard and the secondary's wind shock may become unstable near periastron, causing the entire shock structure to disintegrate on a timescale of 10-30 days (Martin et al. 2006a ). 2) Near periastron, soft X-rays from the shocked region and the radiation from the primary star can alter the ionization state of the companion's wind. A higher degree of ionization weakens the line-driven acceleration, resulting in a slower wind speed ("radiative inhibition," Parkin et al. 2009; . The consequence is that the balance of wind momenta is altered, pushing the shocks closer to the companion. In an extreme case the primary wind can entirely suppress the secondary wind (Soker & Behar 2006) .
The anticorrelation of the He II emission and the X-rays (i.e., the He II emission peaks at the times when the X-rays disappear and reappear) is consistent with a shock breakup model, and the second He II λ4686 flash in 2009 strengthened the case (Mehner et al. 2011b ). The He II λ4686 feature appeared approximately when the hard X-rays peaked, it grew as they declined, and then ceased abruptly after a few weeks. The second He II flare was qualitatively a reversal of the first episode. It occurred just as the X-rays reappeared and then declined concur- rently with the growth of the X-rays. In the shock-instability scenario, we interpreted the second He II peak as the re-formation of a large-scale shock structure when the relevant densities become sufficiently low for it to be quasi-stable.
In 2014, the timing of the 2-10 keV X-ray light curve with its peak, minimum, and reappearance and its relation to the He II emission was similar to the 2009 event. That is, also for the 2014 event, the second He II flare occurred when the X-rays reappeared. 4 The similar timing of the X-ray and He II emission during the 2014 and 2009 events does not contradict that there is a change in the system. The motion of the secondary star at periastron is very fast and, if gas densities are somewhat different, this would alter the critical times of observables by only a few days. The X-ray minima in 2009 and 2014, however, were much shorter than the ones observed in 1998 and 2003. This cannot be explained with an unchanged system and a simple wind occultation scenario. Unfortunately, we have no data points during the expected (delayed) time of the second flare for the events in 1998 and 2003 to prove the correlation between the second He II flare and the reappearance of the X-rays.
The second He II λ4686 flash in 2014 was much stronger than in 2009 (Figures 7 and 8 ). This together with the short X-ray minimum (without a shallow phase, see Hamaguchi et al. 2014a; may indicate that a complete shock breakup -needed to explain the weak second He II flare and the long X-ray minimum in previous events (see Soker 2009 and Behar 2006 ) -may not have occurred in 2014. Instead, the 2014 event resembled more an occultation by the primary wind. The He II emission may have disappeared temporarily when the column densities in our line of sight to the emitting region as the secondary passed behind the primary's wind were large enough.
Discussion
Several observables indicate that physical parameters of the stellar system have changed: 1) The continuous weakening of the Hα and Fe II lines from the primary wind.
2) The tremendous increase in flux of the He I and N II emission lines over the last 3 cycles, and especially during the 2014 event.
3) The much stronger line flux of the He II emission in 2014 compared to 2009 and its stronger reappearance after the X-ray minimum in 2014.
The simplest interpretation for the decrease of the broad primary wind emission features is a decrease in mass-loss rate. The simultaneous increase in the higher ionization/excitation species, He I and N II, indicates that the companion's effective far-UV radiation is much more efficient than it was in previous cycles -consistent with lower gas densities. As the wind density decreases it is conceivable that the primary star may eventually become "hot" enough to excite these lines in addition to the secondary.
The SPH simulations by Madura et al. (2013) showed that a factor of two or more decrease in mass loss alters significantly the time-dependent 3D density, temperature, and velocity structure of η Car's spatially-extended primary wind and WWC zones. They showed that a lower mass-loss rate would lead to weaker emission and absorption of the broad wind-emission features of Hα and Fe II in our line of sight and at the stellar poles. Emission lines of He I would strengthen. Based on their simulations, a drop in mass loss by a factor of 2 seems to reasonably fit our observations, but further modelling is required.
The spectrum at FOS4 shows less significant changes in the broad wind emission lines than the spectrum in our direct line of sight. The Hα equivalent widths display a very similar behavior during the 2003, 2009, and 2014 events. The Hα P Cyg absorption strength decreased somewhat. The broad Fe II emission features decreased in strengths -albeit less than in our direct line of sight. On the other hand, the He II equivalent widths are higher in 2009 and 2014 than in 2003 in accordance with the observations in our direct line of sight. Owocki (2005) suggested that the rapid (near-critical) stellar rotation of η Car induces an equatorial gravity darkening (Owocki et al. 1996) . It may be that the companion star spins up η Car incrementally by angular momentum transfer between the two stars at periastron through tidal torques (Davidson 1997) . Its rotational velocity is approaching its critical velocity, leading to lower effective gravity at the equator, and thus reducing the mass-loss rate there. Less changes in the broad wind emission lines observed in the polar spectrum at FOS4 are thus not surprising. In any case, the observed changes in Fe II and helium emission at FOS4 are sufficient to confirm a secular trend in η Car's wind -independent of the direct-view data. The quantitative rates require models far beyond the scope of this paper.
The polar view (FOS4) is valuable for the specific purposes noted earlier, but it is not a typical view. If, for example, it applies within 30
• of each pole, then that would include only 13% of possible viewing directions. Eta Car's secular changes appear larger for lower latitudes, i.e., most directions in space. We mention this in order to emphasize that the direction-averaged massloss rate has always been unclear.
Some details occur at nearly the same phase in each event, for instance the rapid decline of He II λ4686 near t ≈ −17 d. Rapid orbital motion can largely explain this fact almost independent of the flow parameters. Consider, for example, an orbit with eccentricity ǫ = 0.85. During a 40-day interval around periastron, the system sweeps through almost 4
• of longitude per day. Tidal effects change by about 6 percent per day, the colliding-wind instability parameters likewise vary rapidly, and the same is true for possible eclipse parameters (see figure 10 in Mehner et al. 2011b) . Thus an ambient density decrease of 30 percent between events would be compensated by orbital motion within a few days. Moreover, the primary mass outflow during t ≈ −45 d to −10 d is very likely enhanced by tidal and radiative effects which are unrelated to the current average mass-loss rate (Martin et al. 2006a , Mehner et al. 2011b ). For these reasons, the timing of events does not contradict the secular trend in wind density. If we avoid definitions that are adjusted ex post facto to optimize the correlations, then, objectively, the data allow variations of 3-10 days between events. A more eccentric orbit with ǫ ≈ 0.90, favored by most authors in recent years, entails even faster rates of change.
In previous events, the combined He II λ4686 and X-ray data, i.e., the extended X-ray minima and the association of the He II flares with the appearance and disappearance of the X-rays, were persuasively consistent with a shock breakup scenario and mass accretion onto the secondary. The stronger second He II flare in 2014 indicates less mass accretion onto the secondary. Conceivably, the shock structure may even have not been completely destroyed in 2014 and the X-ray and He II behavior may be explained by an eclipse of the secondary by the dense primary wind.
Conclusion
It is conceivable that 2009.1 was the last η Car event of the classic type, and 2014.6 began a new regime. An approximate historical time line may look something like this: 1. 1900-1948 , η Car's primary wind was so dense that it totally suppressed the secondary wind. Therefore a small fraction of the outflowing gas accreted onto the secondary star, making it look like a cooler star. No helium-ionizing far-UV photons escaped from the secondary star and thus no high-excitation lines were observed (Humphreys et al. 2008) . Clementel et al. (2015) showed that for mass-loss rates of more than a factor of 2-4 than today, accretion may not have been needed to explain the absence of He I lines. 2. During the 1940's, the mass-loss rate decreased enough so that the secondary star could develop a normal hot-star wind (Humphreys et al. 2008) . Accretion stopped except near periastron and the familiar wind-wind shocks formed. 3. 1948-2009 , the wind-wind shocks were disrupted near each periastron passage. That allowed temporary accretion onto the secondary star (Soker 2003; , Soker & Behar 2006 . Less far-UV radiation during each event resulted in the highexcitation lines to become temporarily weaker. 4. 2014, the primary wind density has fallen low enough so that full accretion no longer occurs. Therefore, much more UV emission than ever before can escape from the secondary and penetrate the primary wind. This would help to explain the strong He I and N II UV-excited lines. In addition, the primary star may be have become hot enough to contribute additional UV radiation.
This rough history of events leaves unaccounted some observed features. For example, the high-excitation lines from the Weigelt knots are associated with the secondary star and their disappearance during the events are interpreted as a shut-down of the UV radiation from the secondary. Still, they disappeared in 2014. However, they are located near the bipolar midplane (probably the same as the orbit plane), at longitudes roughly opposite to the secondary's periastron. Therefore, during the events, the primary wind very likely shields them from the secondary star's UV radiation. Spectra at FOS4 have not experienced the same dramatic changes in the broad wind emission lines as observations in our line of sight. This may be explained by a latitude-dependent wind structure of η Car.
With the ground-and space-based observations obtained during the 2014 event we aimed to further investigate the long-term changes in η Car and the impact of the periastron passages on its long-term evolution. On top of the orbital modulations, the broad primary wind features have decreased in strength and the higherionization He I and N II emission lines have grown in strength over the past 10 years. This marks an undeniable change in the physics of the region. A decreased mass-loss rate could explain the weakened low-excitation wind features, the strengthening of higher ionization/excitation lines, and the He II and X-ray behavior. A decrease in the primary wind density would not only allow the intense UV radiation from the stars to ionize/excite more material, but also to more easily destroy dust and thus decrease the extinction in our line of sight. 
